Abstract: Detection and generation of single microwave photons would be important in many quantum technology applications. In a joint research project MICROPHOTON of the European Metrology Research Programme EMRP, we have studied several solutions for both microwave detectors and sources and advanced the technologies towards single-photon level. All devices operate at cryogenic temperatures, most of them below 100 mK. Another topic of the project was to study effects of microwave background radiation on cryoelectronic quantum devices and to develop methods for eliminating the detrimental effects.
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Highlights of the project in microwave photon generation include development of two types of on-demand single-photon sources based on a superconducting quantum bit (qubit). One of them is a tuneable source based on a tuneable gap flux qubit. With that device, on-demand generation of microwave photons has been demonstrated with efficiency of about 65-80% in a wide frequency range from 7.75 to 10.5 GHz. The other version is based on the so-called transmon qubit, and single photon sourcing with that system has also been realized.
For microwave detection, a thermal detector based on a superconductor -normal metal -superconductor nanostructure has been developed, and detection of 1.1 zJ energy packet corresponding to 200 photons at 8.4 GHz has been demonstrated. Also, a new type of a bifurcation amplifier, a period-doubling bifurcation amplifier, has been developed for ultrasensitive microwave detection. With detectors based on singleelectron effects, events caused by single microwave photons generated by an on-chip microwave source have been detected. A similar detector has also been used to characterize on-chip microwave filters.
